Background: We aimed to quantify the independent effect of cognitive and physical deficits on the risk of injurious falls, to verify whether this risk is modified by global cognitive impairment, and to explore whether risk varies by follow-up time. Methods: Data on 2,495 participants (≥60 years) from the population-based Swedish National Study on Aging and Care in Kungsholmen (SNAC-K) study were analyzed using flexible parametric survival models. Two cognitive domains (processing speed and executive function) were assessed with standard tests. Physical function tests included balance (one-leg-stands), walking speed, chair stands, and grip strength. Global cognition was assessed using the Mini-Mental State Examination. Results: A total of 167 people experienced an injurious fall over 3 years of follow-up, 310 over 5 years, and 571 over 10 years. Each standard deviation worse balance, slower walking speed, and longer chair stand time increased the risk of injurious falls over 3 years by 43%, 38%, and 23%, respectively (p < .05). Each standard deviation worse processing speed and executive function was significantly associated with 10% increased risk of injurious falls over 10 years (p < .05). In stratified analyses, deficits in physical functioning were associated with injurious falls only in people with cognitive impairment, whereas deficits in processing speed and executive function were associated with injurious falls only in people without cognitive impairment. Conclusions: Deficits in specific cognitive domains, such as processing speed and executive function, appear to predict injurious falls in the long term. Deficits in physical function predict falls in the short term, especially in people with global cognitive impairment.
Injuries resulting from falls are leading causes of long-standing pain, disability, and death in older adults (1) . More than one-third of community-living adults older than 65 years fall each year, and approximately 10% of the falls result in a major injury such as a fracture (2) . Early identification of people at risk and proper interventions may reduce the frequency of injurious falls.
Abnormalities of gait, balance, and muscle strength are key risk factors for falls among older adults (2) . Reduced ability to stand on one leg is a particularly strong predictor of injurious falls (3, 4) . Slow walking speed, poor grip strength, and poor chair stand performance have also been related to increased risk of falls and injurious falls, although less consistently than balance impairments (5) (6) (7) Furthermore, cognitive impairment is related to falls. Older adults with moderate to severe cognitive impairment have at least twice the risk of falling as cognitively intact people (8) People with cognitive impairment are also at increased risk of a serious fall injury (9) . Studies suggest that even small deficits in specific cognitive domains, in particular processing speed or executive function are related to increased risk for falls in older adults (10) (11) (12) (13) (14) .
Given the strong interrelationship between physical and cognitive functions in aging (15) (16) (17) , it is especially relevant to investigate to what extent cognitive and physical impairments are interacting in increasing the risk of falls. Research suggests that combined physical and cognitive impairments in older people predict adverse outcomes such as falls better than physical or cognitive impairments alone (18) . Preventive interventions that target falls are more likely to be effective in participants with less severe cognitive impairment (19) . Thus, identification of future risk of falls in people without overt cognitive impairment may provide a temporal window of opportunity for more successful primary interventions. By contrast, fallpreventive strategies in persons with overt cognitive impairment more often target environmental changes and compensatory strategies to avoid falls. It is however not clear whether the association between injurious falls and deficits in physical functions or specific cognitive domains is modified by global cognitive impairment (12) . Furthermore, there is a lack of information on whether the associations between cognitive and physical functions and injurious falls differ depending on the observation time (13) .
The objective of this study was to quantify the independent effect of specific cognitive domains (such as processing speed and executive function) and physical functions on the risk of injurious falls. Furthermore, we aimed to verify whether this risk is modified by global cognitive impairment, and to explore whether risk varies by follow-up time.
Methods

Study Population
We used data from the Swedish National Study on Aging and Care in Kungsholmen (SNAC-K) (20) , which includes people aged 60 years and older in the Kungsholmen area of Stockholm city. The population was stratified by age, and a random sample was selected from each of the age cohorts. Eleven age cohorts were chosen with different intervals: 6 years in the younger cohorts (60, 66, 72 years old), and 3 years in the older cohorts (78, 81, 84, 87, 90, 93, 96, and 99 or older). This sampling strategy was chosen to include people before and after retirement and the shorter intervals between the older age groups was selected because of the more rapid changes in people of older ages. The youngest and oldest age cohorts (people younger than 72 years and people older than 87 years) were oversampled. Because the youngest and the oldest age groups were overrepresented in the sample in comparison to the population, a weighted variable to adjust for sampling procedure was created and used in all analyses. The baseline survey was conducted from 2001 through 2004. Of the 5,111 people who were initially selected, 521 were not eligible (200 died before start of the study, 262 had no contact information, 32 had moved, 23 did not speak Swedish, and four were deaf). Of the remaining 4,590 persons, 3,363 (73.3%) participated at the baseline examination. A total of 2,848 (84.6%) of these baseline participants took part in the cognitive testing. Three hundred fifty-three of these people had missing data on balance, walking speed, chair stands, or processing speed because of inability or unwillingness to participate (main analytical sample, n = 2,495). Data on executive function (with and without a speed component) were missing for 549 and 573, respectively; and grip strength, 469. The main analytical sample (n = 2,495) was significantly younger (baseline mean age ± SD 72.0 ± 9.8 vs 82.8 ± 11.1, p < .001) and included fewer women (61.9% vs 73.4%, p < .001) and fewer people living in an institution (0.8% vs 19.6%, p < .001) than the drop-out group.
The Swedish National Study on Aging and Care in Kungsholmen (SNAC-K) study was approved by the Regional Ethical Review Board in Stockholm, Sweden, and informed written consent was obtained from all participants.
Data Collection
Data on cognitive and physical functions, demographic factors, and health-and lifestyle-related factors were collected through interviews, clinical examinations, and testing by trained staff. Information about the vital status of the participants until December 2011 was obtained from the Swedish Death Registry.
An injurious fall was defined as hospitalization for or receipt of outpatient care because a fall. Discharge diagnoses from the International Classification of Diseases, Tenth Revision (ICD-10), from the date of the baseline examination until the last available date (December 2011) were used. These included the external cause codes W00, W01, W05-W10, and W17-W19, which represent falls on the same level (W00, W01, W18), falls including furniture, wheelchair etc. (W05-W09), falls from one level to another, for example, from stairs (W10, W17), and unspecified falls (W19). We did not include injurious falls caused by other people or by falling from heights because these were considered extreme events (eg, W12: fall from scaffolding). This information was retrieved from the National Patient Register, which includes data from inpatient care and specialized outpatient care, and from the Local Outpatient Register, which includes data from primary care in the Stockholm County Council area (21) . Outcome status was determined by linking each participant's personal identification number (PIN) to the registers. Due to the PIN, loss of follow-up is minimal, since it allows for virtually 100% coverage of the Swedish health care system (22) .
Previous injurious falls were defined as falls occurring within 3 years before the baseline examination. A history of falling has been identified as one of the strongest risk factors for future falls, and is usually defined as falls within the past year (2). We used a period of 3 years to define previous injurious falls because of the more serious nature and consequences on functioning of injurious falls (23) .
Processing speed was assessed by psychologists using three paper-and-pencil tests (24) . In the digit cancellation test (25) , participants go through rows of digits and cross out as many "4s" as possible in 30 seconds. In the pattern comparison test (26) , participants compare pairs of line-segments on 2 pages (30 seconds per page) and indicate whether they are same or different. The test was scored as the mean number of correct classifications. In the trail making test, part A (TMT-A) (24) , participants connect encircled digits in numerical order (1, 2, 3, etc.). The test was scored by how long it took to make 12 correct connections. Perceptual speed was defined as the averaged normalized score of the abovementioned tests and the variable was created by dividing the sum of the individual normalized scores by the number of tests. Executive functioning was assessed with TMT-B (24), in which the participants were required to connect circles containing either a number or a letter in alternating sequence as quickly as possible (1-A, 2-B, etc.). The scores used for executive function were (a) the time it took to complete 12 correct connections in TMT-B, and (b) the score derived from subtracting the time taken to complete TMT-A from the time taken to complete TMT-B (∆TMT), which removes the speed element from the test. These tests of processing speed and executive function are commonly used in clinical practice and research and their reported test-retest reliability coefficients range from 0.7 to >0.9 (24, 27, 28) . They require several functions including speed of visual scanning, attention and motor speed, and TMT-B also requires task-switching ability as an indicator of executive function (24, (27) (28) (29) . The processing speed tests have been shown to be highly correlated with other tests of processing speed, thus suggesting good construct validity (24, (27) (28) (29) .
Global cognitive function was assessed by physicians using the Mini-Mental State Examination (30) . Cognitive impairment was defined as a Mini-Mental State Examination score ≤ 27. For identifying cognitive impairment and dementia in highly educated individuals, this cutoff is of greater clinical utility than the traditional cutoff of 24 (31).
The measure of balance was based on how long the person was able to stand on one leg (up to 60 seconds) (32) . Each leg was tested twice, and the best overall score was used. Walking speed was assessed by asking the participant to walk 6 meters or, if the participant reported walking quite slowly, 2.4 meters at a self-selected speed (33) . Chair stands were assessed by asking the participants to fold their arms across their chests and to stand up from a sitting position five times as quickly as possible (33) . Participants who were unable to perform the lower extremity tests because of severe physical limitations received the worst possible score; that is, 0 seconds balance time, a walking speed of 0 m/s, or a 75-second chair stand time. Grip strength was assessed with the Grippit (34) . The participant squeezed a handle with maximum force, once with each hand. The best overall value was used in the analysis (in Newtons). The lower extremity tests were derived from the performance battery used in the Established Populations for the Epidemiologic Study of the Elderly (35) . The physical function tests are considered highly reliable and are able to discriminate performance even in relatively high-functioning older adults (32) (33) (34) .
Information on age, sex, and education (number of years of formal schooling) was collected by nurses. Chronic diseases were diagnosed by a physician on the basis of clinical examination and patient history. A disease was defined as chronic if it was of prolonged duration, left residual disability, worsened quality of life, or required a long period of care, treatment, or rehabilitation (36) . Fallrisk-increasing drugs included the following Anatomical Therapeutic Chemical (ATC) classification system codes: C01D, C02, C03, C07, C08, C09, G04CA, N04B, N02A, N05A, N05B, N05C, and N06A (37) . In the analyses, both the number of chronic diseases and fallrisk-increasing drugs were categorized as 0, 1, or ≥2. Vision was assessed by asking participants if they experienced vision problems (even if they wore glasses). Body mass index was calculated by dividing weight in kilograms by height in meters squared (38) . Physical exercise was measured via a questionnaire, a detailed description of which has been provided elsewhere (39) . Physical exercise was divided into three categories: (a) inadequate: light and/or intensive activity ≤2-3 times per month, (b) moderate exercise: light exercise several times per week, and (c) intensive exercise: moderate/ intense exercise several times per week. Smoking status was categorized as never, former, and current smoking. Alcohol consumption was divided into no or occasional, light-to-moderate (1-14 drinks per week for men or 1-7 drinks per week for women) or heavy (≥15 drinks per week for men or ≥8 drinks per week for women) consumption.
Data Analysis
To facilitate comparisons of the different cognitive and physical tests, all measures were converted to normalized scores using the baseline mean and SD as the standardization base. We used flexible parametric survival models to estimate the hazard ratios (HRs) and 95% confidence intervals (CIs) of injurious falls in relation to baseline cognitive and physical functions. Participants were considered at risk from the date of the baseline examination. Risk of injurious falls was analyzed, censoring the observation time at three different points in time: 3, 5, and 10 years after baseline or at the date of death (163 participants died within 3 years of baseline; 308, within 5 years; and 659, within 10 years). In a first model, only demographic factors (age, sex, and education) were entered. In a second model, additional adjustment was made for previous injurious falls, and baseline vision problems, chronic diseases, fall-risk-increasing drugs, physical exercise, body mass index, smoking, and alcohol consumption.
The analyses of cognitive functions were adjusted for a summary score of physical function (including all physical functioning tests), and the analyses of physical functions were adjusted for a summary score of cognitive function (including the processing speed tests and TMT-B). The summary scores were created by dividing the sum of the individual normalized scores by the number of tests.
To verify whether global cognition modified the associations, all analyses were repeated after stratification by global cognitive status.
Two sensitivity analyses were performed to confirm the results of the main analyses. First, we excluded people with previous injurious falls (n = 171). Second, we evaluated the effect of missing values by performing imputations of 15 imputed datasets using multiple imputations chained equations (MICE) (40) . We pooled the estimates using Rubin's rule to obtain valid statistical inferences. All the relevant variables included in the main analysis were used in the multiple imputation models, as was the outcome.
Statistical analyses were performed with Stata, version 14 (StataCorp, College Station, TX).
Results
Of the 2,495 participants, 167 were hospitalized or received outpatient care at least once because of a fall during a 3-year followup period (mean follow-up 2.8 ± 0.5 years), 310 during a 5-year follow-up period (mean follow-up 4.5 ± 1.1 years), and 571 during a 10-year follow-up (mean follow-up 7.7 ± 2.8 years). Participants who experienced an injurious fall were more likely to be older, women, have fewer years of formal schooling, have more chronic diseases, use more fall-risk-increasing drugs, be less physically active, have lower body mass index, and have experienced a previous injurious fall. They were less likely to be former or current smokers and to consume alcohol (Table 1) .
After controlling for demographic factors, worse scores on processing speed, TMT-B, ∆TMT, balance, walking speed, and chair stands significantly increased the risk of injurious falls over 3 years (Table 2 ). In the fully adjusted model, the associations between injurious falls and balance, walking speed, and chair stands were attenuated but remained significant during the 3-year follow-up, whereas the associations between falls and processing speed, TMT-B, and ∆TMT were no longer significant ( Table 2) .
The associations with physical functions were attenuated over time. In the longer periods of follow-up (5 and 10 years), each SD lower score for processing speed, TMT-B, and ∆TMT was associated with approximately 10% higher risk of injurious falls in the fully adjusted model. Of the physical functions, only balance was significantly associated with injurious falls over 5 years and walking speed over 10 years of follow-up (Table 2) . Figure 1 shows the analyses stratified by global cognition. In people with cognitive impairment, worse balance and slower walking speed significantly increased the risk of injurious falls over 3 years of follow-up, in the fully adjusted model. Furthermore, balance was associated with injurious falls over 5 years, and balance, walking speed, and chair stands were associated with injurious falls over 10 years ( Figure 1A) . In people without cognitive impairment, worse scores on TMT-B and ∆TMT significantly increased the risk of injurious falls over 3 years, processing speed and ∆TMT were associated with injurious falls over 5 years, and processing speed, TMT-B and ∆TMT were associated with injurious falls over 10 years ( Figure 1B) .
The results of the sensitivity analyses were similar to those reported in Table 2 (Supplementary Tables 1 and 2 ). The imputation was performed to ascertain that the missing data did not introduce any bias in the analyses. Since the results were similar, we chose to report the results from complete dataset for the main analyses.
Discussion
In this population-based study of older adults, we found that poorer baseline processing speed, executive function, balance, chair stand time, and walking speed were significantly associated with increased risk of injurious falls. However, the effect of these physical functions was attenuated over time. Analyses stratified by global cognitive impairment showed that poorer physical test results were associated with injurious falls only in people with cognitive impairment, whereas processing speed and executive function were associated with injurious falls only in people without cognitive impairment.
Our results confirm the findings of previous studies that poorer balance and mobility scores increase the risk of injurious falls (3-5,7). They also clearly indicated that the effects of poorer balance and mobility attenuated over time. To the best of our knowledge, the only previous study covering a comparably long follow-up time included a selected population and limited adjustment (4) . Associations between grip strength and falls are controversial (5, 6 ). In the current study, grip strength was unrelated to injurious falls, which suggests that tests of lower extremity functioning are more important than tests grip strength for assessing the risk of injurious falls in older adults. Finally, our results further indicate that the effect of physical deficits on injurious falls is amplified by global cognitive impairment, a well-known risk factor for falls (8, 9) . The attenuation of the effect of the physical functions over time could be explained by changes in functioning over time, that is, it is likely that some people with good baseline physical function declined over time, while some people with poor baseline physical function may have improved, or left the study due to death or having experienced the outcome (41) . We included only baseline levels of physical and cognitive function and not changes over time, although physical decline has been suggested to independently increase the risk of fractures (42) . Future studies should investigate changes in physical and cognitive functions in relation to injurious falls.
Our finding that processing speed and injurious falls were more clearly associated over longer rather than shorter periods of followup is in line with prior reports, which have shown that slow processing speed increases the risk of injurious falls over 15 (11) , but not 1-3 years of follow-up (10, 18) . In a previous study, we showed that slow processing speed may be an early sign of declining mobility and global cognition (17) . The present findings further support the hypothesis that slow processing speed is an early marker of deteriorating functioning and thus of risk of injurious falls. This 
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Mean ± SD or n (%) Mean ± SD or n (%) Mean ± SD or n (%) interpretation is also supported by the finding of a particularly pronounced association between processing speed and injurious falls in people without global cognitive impairment. Slow processing speed may result in decreased ability to react to challenges (12) ; this is one plausible explanation for its association with injurious falls. It should be pointed out, however, that the association with processing speed may have been confounded by psychomotor speed. Unfortunately, we were not able to distinguish between the effect of mental processing speed and that of psychomotor speed on the outcome.
We included executive function with and without a speed component (TMT-B and ∆TMT) to investigate whether performance in these cognitive domains is related to the risk of falling. Our results confirm those of previous research, suggesting that poor executive function increases the risk of injurious falls (10, 12, 13) . Additionally, we demonstrated that the associations between executive function and injurious falls were particularly pronounced for people without global cognitive impairment. A possible explanation is that global cognitive impairment overshadows the effect of executive dysfunction on risk of injurious falls. Poor executive function may also be an early sign of declining physical function (16).
Previous studies have used self-report (13) or hospital records (11) to investigate the relationship between cognition and falls. We used an objective measure of injurious falls, employing official registers that included both fall-related hospitalizations and outpatient care. These registers are generally seen as reliable data sources. For example, a study examining the National Patient Register found that 98.3% of the hospitalizations due to falls were correctly coded (21) . Other strengths of the study include the large population-based sample of older people and the long follow-up time, which enabled us to examine risk over varied follow-up periods. Furthermore, our main exposures included several domains of cognitive and physical functioning. However, this study also has limitations. Less severe falls were most likely not captured, which may have led to selection in the outcome. However, by studying falls leading to hospitalizations and outpatient care, the impact of the fall on the individual as well as the society is captured. Finally, the study sample consisted of relatively healthy and wealthy people; the results can thus best be generalized to high functioning cohorts of older adults.
In conclusion, this study adds important insight on how a number of physical and cognitive domains are related to the risk of injurious falls in older adults. Identification of groups of older adults at risk of injurious falls within shorter and longer periods of time may help us improve fall-prevention strategies. Our results underscore the importance of considering the combined effect of physical and cognitive deficits in fall-risk assessment. Furthermore, our results suggest that screening for deficits in processing speed and executive function in older adults without overt cognitive impairment may enable early detection of people at risk of injurious falls.
Supplementary Material
Supplementary material can be found at: http://biomedgerontology. Hazard ratios with 95% confidence intervals for injurious falls over different lengths of follow-up derived from separate flexible parametric survival models for cognitive and physical functions: (A) in people with cognitive impairment and (B) in people without cognitive impairment. TMT = Trail Making Test, ∆TMT = time to complete TMT-B minus time to complete TMT-A. Standardized scores were used (1 unit represents 1 SD worse score). All models were adjusted for demographics, previous injurious falls, and health-and lifestyle-related factors. Analyses of cognitive functions were also adjusted for physical function, and analyses of physical functions were also adjusted for cognitive function.
